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ABSTRACT 

Background. The reactions of the whole organism that occur under the action of accelerations of rectilinear and rotational 

motion are factors that have a systemic effect on the cerebral blood flow. The use of hurdling performance in the structure 

of human physical activity can have a significant impact on the tone of the brain vessels, their elasticity and venous outflow 

in the development of fatigue caused by statokinetic stimuli. Objectives. The research purpose is to investigate the adaptive 

profile of cerebral blood flow in the implementation of statokinetic reactions in individuals engaged in hurdling performance. 

Methods. 108 university students took part in the study on a voluntary basis. All students were randomly divided into two 

groups. The adaptive profile of the cerebral blood flow was evaluated using rheoencephalography under the conditions of 

stabilometric testing at the beginning of the school year, after three and six months. Results. It is shown that a more perfect 

adaptation of the cerebral blood flow to vestibular irritation when barrier running exercises are included in the structure of 

physical activity is due to adequate stimulation of ampullary receptors caused by head tilts and contralateral synchronization 

of the muscles of the upper and lower extremities, which determine the kinematic structure of movements to overcome the 

barrier bar in conditions of rectilinear and nonlinear accelerations. Conclusion. Our study revealed the process of developing 

stable compensatory reactions of cerebral blood flow in students during systematic hurdling performance. 
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INTRODUCTION 
The vessels of the brain and the receptors of 

the vestibular apparatus in the implementation of 
statokinetic reactions are in a state of 
physiological arousal with the corresponding 
activation of the mechanisms of metabolism. The 
increasing lack of oxygen and energy supply of 
the brain against the background of vestibular 
irritation leads to a violation of the cerebral blood 
flow, which leads to an increase in the level of 
under-oxidized products in the tissues, the 
accumulation of which is a threat to the 
homeostasis of the body as a whole. 

Modern studies have found that physical 
exercise activates changes in the properties of 
brain vessels (1). It is shown that these 
changes in physical activity of different 
directions are specific, and therefore this issue 
remains debatable (2). Data on adaptive heart 
responses in the implementation of 
statokinetic responses in athletes and 
individuals with somatosensory disorders are 
presented in detail (3). However, the task of 
finding effective means of physical education 
for the development of long-term adaptation of 
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the blood supply system of the brain in 
vestibular stimuli remains urgent. 

Hurdling as a physical exercise is 
characterized by a cyclically repeated complex 
coordination structure of supporting and 
unsupported body positions (4). The nature of the 
impact of such a load on the human body is 
determined by the combined effect of muscular 
and vestibular loads, which leads to the study of 
potential hemodynamic adaptive reactions to 
stimuli that occur during active and passive 
movements in space in people engaged in barrier 
running. 

It seems that the use of barrier running in the 
structure of human physical activity has a positive 
effect on the tone of the brain vessels, their 
elasticity and venous outflow in the development 
of fatigue caused by vestibular irritations. So, the 
aim of the study is to investigate the adaptive 
profile of cerebral blood flow in the 
implementation of statokinetic reactions in 
individuals engaged in hurdling. 

MATERIALS AND METHODS 
Ethical Considerations. The study was 

conducted in accordance with the Council of 
Europe Convention on Human Rights and 
Biomedicine (1999) and the Helsinki Declaration 
of the World Medical Association (2013 edition). 
The study included healthy volunteers in 
accordance with the approval granted by the 
Ethical Committee of the University, prior to the 
study the participants’ informed consent was 
obtained. 

Participants. The instrumental study was 
conducted at the Sports Science Research Center 
of the South Ural State University. The study 
involved 108 apparently healthy students of the 
South Ural State Humanitarian and Pedagogical 
University aged 18–20 years. All students were 
randomly divided into two groups (SG-I and SG-
II). SG-I (n = 54) – students engaged in the 
standard physical education program for 
universities; SG-II (n = 54) – students engaged in 
a physical education program based on the use of 
barrier running exercises. At all stages of the 
study, the participants were acquainted with study 
procedures. 

Protocols. In order to simulate statokinetic 
reactions, the sensory-vestibular method of 
stabilometry was used with the "MBN Stabilo" 
platform and a 30-second rheoencephalogram 
(REG) recording in the following positions: the 
main two-legged position with open eyes; head 
turn to the left; head turn to the right; main two-

legged position with closed eyes; head turn to the 
left with closed eyes; head turn to the right with 
closed eyes. 

Before and after vestibular stimulation 4 
hemodynamic parameters of cerebral blood flow 
(rheographic index (RI); modulus of elasticity; 
dicrotic index (DI); diastolic index (DaI)) were 
obtained. 

The scheme of applying the rheograph 
electrodes to the fronto-mastoid (FM) lead, which 
characterizes the blood flow in the carotid basin 
of the brain, was used. 

The resulting data array was processed and 
presented in accordance with the generally 
accepted standards of the International Society for 
Posture and Gait Research. 

The visual characteristics of the examined 
sample excluded pathological diseases. The 
group of examined hurdlers was characterized by 
left-sided motor asymmetry of the legs and right-
sided motor asymmetry of the arms. 

Statistical Analysis. The data obtained in our 
study were processed with the R software 
package (version 3.5.0). The type of feature 
distributions was calculated using the Shapiro-
Wilk W-test. The differences were considered 
significant when the level of statistical 
significance was less than 0.05. 

RESULTS 
Table 1 shows the results of 

rheoencephalographic investigation in students of 
the studied groups when modeling vestibular 
irritation in conditions of short-term adaptation to 
the loads of running with barriers. 

Figure 1 reflects the change in the 

parameters of the adaptive profile of cerebral 

blood flow in students aged 18–20 years when 

modeling vestibular irritation in conditions of 

long-term adaptation to the loads of running 

with barriers. 
Figure 2 In Figure 2, changes in the 

statokinesiogram and stabilogram of 18–20-year-
old students are shown when adapting to the 
physical activity associated with hurdling. 

DISCUSSION 

The ability of a person to tolerate vestibular 

stimuli (accelerations, decelerations, shocks, etc.) 

is considered by researchers as a necessary 

condition for adaptation to the action of social, 

labor, and extreme factors (5, 6). The central 

nervous system plays a significant role in the 

genesis of the body's responses to vestibular 

irritation (7). Modeling of vestibular stimuli is 
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one of the ways to study the work of the brain in 

various aspects, including: in the study of 

vascular reactions and blood supply mechanisms 

(8).
 

Table 1. Dynamics of cerebral blood flow indicators in 18–20-year-old students under conditions of vestibular irritation 

after 12 weeks of barrier running 

 Background Values Vestibular Irritation – 3’  

SG-I (n = 54)   

RI, Ohm 0,12 ± 0,01 0,13 ± 0,011* 

MU, % 16,3 ± 0,3 17,6 ± 0,5* 

DI, % 55,7 ± 1,1 61,5 ± 1,3* 

DaI, % 75,4 ± 2,3 77,3 ± 2,5 

SG-II (n = 54)   

RI, Ohm 0,13 ± 0,012 0,15 ± 0,016* 

MU, % 16,4 ± 0,1 16,8 ± 0,1 

DI, % 55,3 ± 1,3 58,3 ± 0,9 

DaI, % 75,2 ± 2,1 75,7 ± 1,8 

RI: Rheographic Index; MU: Modulus of Elasticity; DI: Dicrotic Index; DaI: Diastolic Index; **: statistically different; p<0.01; 

*: statistically different, p<0.05. 

 

 

 
Figure 1. The profile of cerebral blood flow in students aged 18–20 years after 24 weeks of hurdling. 
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Figure 2. Averaged models of statokinesiograms and stabilograms in students in the dynamics of adaptation to loads in 

hurdling. 

 

 

It is known that the hemodynamics of the brain 

in comparison with other internal organs is 

characterized by relative constancy and is 

practically not affected by various physiological 

factors, including those associated with the 

performance of physical exercises (9). However, 

more recent studies suggest that somatosensory 

cortical neuronal activity and increased brain 

metabolism as associated effects of exercise may 

lead to functional changes in cerebral blood flow 

(10). The inconsistency of the data in this issue 

actualizes the task of physiological justification of 

effective means of physical education for 

optimizing the activity of the central nervous 

system organs in the implementation of 

statokinetic reactions and increasing the stability 

of the cerebral blood flow to all kinds of 

statodynamic influences. 

It is shown that the rheoencephalographic 

parameters of the adaptive profile of the cerebral 

blood flow in mature people without chronic 

diseases are characterized by a steep rise of the 

anacrota, a pronounced amplitude, a gentle 

descent and one distinct dicrotic wave (11). 

Our study showed that the average group 

indicators of the rheographic index in students 

aged 18-20 at the beginning of the academic year 

were within the lower limit of the physiological 

norm (Table 1). After 12 and 24 weeks of 

systematic physical activity, including barrier 

running and its elements, the rheographic index 

for vestibular irritation increased (p < 0.01). The 

tendency to increase the rheographic index within 

the reference values indicates a change in the 

blood filling of the vessels of the carotid basin 

(12). 

Similar, but less pronounced dynamics of the 

rheographic index indicators during statokinetic 

stimulation was also observed in students whose 

physical activity structure did not include the load 

associated with hurdling (p < 0.05) (Table 1). In 

the course of the study, it was found that when 

using standard physical education programs for 

students, according to the indicators of pulse 

blood filling, there is a more pronounced 

hypovolemia of the blood vessels of the carotid 

basin of the brain compared to students who have 

loads in hurdling (Figure 1). 

Thus, it can be assumed that the formation of 

a systemic structural trace during adaptation to 

the loads of running with barriers is characterized 

by a gradual optimization of pulse blood filling in 

the vessels of the carotid basin of the brain. 

Vestibular irritation in the group of 18–20-

year-olds who did not have a load in hurdling was 

accompanied by a decrease in the elasticity of the 

vessels of the carotid basin of the brain (p < 0.05), 

as evidenced by a decrease in the group's average 

modulus of elasticity (Table 1). 

The values of the coefficient of elasticity of the 

vascular wall in students in the SG-I sample after 

24 weeks from the beginning of the academic year 

exceeded the standard indicators by 4.4 %. At the 

same time, after 6 months of physical exercises 

with elements of barrier running, the coefficient 

of elasticity of the vascular wall in the SG-II 
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sample increased compared to the background 

values at the beginning of the study and did not 

change under the influence of vestibular stimuli 

(Figure 1). 

It can be noted that a sample of students aged 

18–20 years is characterized by an increase in the 

tone of the cerebral vessels during the academic 

year, which indicates an increasing level of 

neuropsychiatric stress. The hypovolemia of the 

brain vessels detected during this period 

according to rheoencephalography can act as a 

compensatory reaction in response to 

neuropsychiatric stress caused by factors that 

accompany the educational process at the 

university (increased influence of mental stress, 

lack of motor activity, exam stress, sleep and 

nutrition disorders, etc.) (13, 14). 

The value of the average group indicator of the 

dicrotic index in the SG-I sample was lower than 

the values of the control group (p < 0.05) when 

modeling functional samples on the 

stabiloplatform at the final stage of the study. 

Prolonged (24 weeks) use of physical activity 

associated with barrier running has an effect on 

reducing the tone of the vascular walls of the 

microcirculatory bed of the carotid basin of the 

brain, as evidenced by the dynamics of the 

dicrotic index in the SG-II sample (Figure 1). 

It was found that the value of the dicrotic index 

in students aged 18–20 years, engaged in standard 

physical education programs, by the end of the 

first half of the year exceeded the reference values 

by 5.1 %. The researchers noted that the solution 

of cognitive tasks correlates with changes in the 

course of individual nervous processes and 

disorders of the blood supply system. The method 

of rheoencephalography allows us to identify 

these changes and to take timely corrective 

measures to ensure intellectual activity and the 

preservation of the level of health of the student 

population. 

Vestibular irritation did not significantly affect 

the hemodynamic responses associated with the 

provision of venous outflow in the brain in the 

students in the SG-II sample (Table 1). 

In contrast, the SG-I sample showed an 

increase in the diastolic index (p < 0.05) (Figure 

1). The latter circumstance indicates a slight 

obstruction of venous outflow in the vascular pool 

of the carotid arteries of the brain in students aged 

18–20 years with vestibular irritations, which 

indicates an insufficient level of statokinetic 

stability. Obstruction of venous outflow may be a 

consequence of blood deposition in the 

extremities and insufficient blood supply to the 

brain (15), which leads, as a result, to insufficient 

statokinetic stability. 

Stabilometric indicators of 18–20-year-old 

students in the SG-II sample with vestibular 

irritation had the same tendency to escalate the 

proportion of medium (from 0.5 to 1.5 Hz) 

frequency fluctuations of the statokinesiogram 

during unstable adaptation to loads in hurdling 

and an increase in the proportion of slow high – 

amplitude (from 0 to 0.3 Hz) frequency 

fluctuations-with the development of long-term 

adaptation (p < 0.05) (Figure 2), which indicates 

an increase in statokinetic stability under the 

influence of barrier running. 

An increase in statokinetic stability is a 

necessary condition for stabilizing a high level of 

mental performance and productivity in 

performing cognitive tasks (16). High resistance 

to vestibular irritation is one of the factors of 

increasing the plasticity of the brain (17), which 

is especially important at the stage of education. 

Our study shows that vestibular stimuli when 

including systematic barrier running and its 

elements in the structure of the physical education 

program at the university do not have a significant 

effect on the deterioration of hemodynamic 

reactions and contribute to the improvement of 

cerebral blood flow in terms of 

rheoencephalography in the FM-lead. 

CONCLUSION 
A better adaptation of the cerebral blood flow 

to vestibular stimulation when barrier running 

exercises are included in the structure of physical 

activity may be due to adequate stimulation of 

ampullary receptors caused by head tilts and 

contralateral synchronization of the muscles of the 

upper and lower extremities, which determine the 

kinematic structure of movements to overcome the 

barrier bar in conditions of rectilinear (30–110 

meters of hurdling) and nonlinear accelerations (> 

200 meters of hurdling). 

The change in a number of 

rheoencephalography indicators in students 

compared to the reference values indicates a tense 

state of the cerebral blood flow in the dynamics 

of the academic year. Barrier running classes and 

the inclusion of its elements in the structure of 

physical activity cause students to increase the 

excitability of the central nervous system. 

Vestibular irritation, which occurs in students 

with continuous work of a static and dynamic 
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nature, causes the development of mental fatigue. 

Mental fatigue impairs the ability to subjectively 

perceive one's mistakes and generally disrupts the 

functioning of stimulus response systems. 

Our study revealed the process of developing 

stable compensatory reactions of cerebral blood 

flow in students aged 18–20 years during systematic 

barrier running classes aimed at maintaining 

statokinetic stability and mental performance in the 

conditions of vestibular irritation.  

APPLICABLE REMARKS 

• This study implies that the use of specific 

exercises in physical education of university 

student can improve intermuscular 

coordination, statokinetic balance, body 

balance and cerebral hemodynamics. Thus, 

mental performance and resistance to exam 

stress are increased.  
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